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1
METAL BOND AND CONTACT FORMATION
FOR SOLAR CELLS

TECHNICAL FIELD

Embodiments of the subject matter described herein relate
generally to solar cells. More particularly, embodiments of
the subject matter relate to solar cell fabrication processes and
structures.

BACKGROUND

Solar cells are well known devices for converting solar
radiation to electrical energy. A solar cell has a front side that
faces the sun during normal operation to collect solar radia-
tion and a backside opposite the front side. Solar radiation
impinging on the solar cell creates electrical charges that may
be harnessed to power an external electrical circuit, such as a
load. The external electrical circuit may receive electrical
current from the solar cell by way of metal fingers that are
connected to doped regions of the solar cell.

BRIEF SUMMARY

In an embodiment, a method for fabricating a solar cell is
disclosed. The method can include forming a dielectric region
on a surface of a solar cell structure. The method can also
include forming a first metal layer on the dielectric region.
The method can include forming a second metal layer on the
first metal layer and locally heating a particular region of the
second metal layer, where heating includes forming a metal
bond between the first and second metal layer and forming a
contact region between the first metal layer and the solar cell
structure.

In an embodiment, a method for fabricating a solar cell is
disclosed. The method can include forming a dielectric region
on a surface of a solar cell structure. The method can also
include forming a first metal layer on the dielectric region.
The method can include forming an adhesive layer on the first
metal layer and forming a second metal layer on the adhesive
layer, where the adhesive layer mechanically couples the
second metal layer to the first metal layer and allows for an
electrical connection between the second metal layer to the
first metal layer.

In an embodiment, a solar cell fabricated using any of the
above methods is disclosed.

These and other features of the present disclosure will be
readily apparent to persons of ordinary skill in the art upon
reading the entirety of this disclosure, which includes the
accompanying drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the subject matter may
be derived by referring to the detailed description and claims
when considered in conjunction with the following figures,
wherein like reference numbers refer to similar elements
throughout the figures.

FIG. 1 is a flow chart representation of an example method
for fabricating of a solar cell, according to some embodi-
ments;

FIG. 2 is a cross-section of a first and second metal layer on
a solar cell structure;

FIG. 3 is a cross-section of locally heating a second metal
layer, according to some embodiments;

FIG. 4 is a cross-section of forming a metal bond, accord-
ing to some embodiments;
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2

FIG. 5 is a cross-section of forming a contact, according to
some embodiments;

FIG. 6 is a cross-section of an example solar cell fabricated
according to the disclosed techniques;

FIG. 7 is a schematic plan view of example for a metal
layers, according to some embodiments;

FIG. 8 is a flow chart representation of another example
method for fabricating of a solar cell, according to some
embodiments;

FIG. 9 is a cross-section of an adhesive layer formed on a
first metal layer, according to some embodiments;

FIG. 10 is a cross-section of a second metal layer formed on
an adhesive layer, according to some embodiments;

FIG. 11 is a cross-section of another example solar cell
fabricated according to the disclosed techniques;

FIG. 12 is a cross-section of still another example solar cell
fabricated according to the disclosed techniques;

FIG. 13 is a flow chart representation of still another an
example method for fabricating of a solar cell, according to
some embodiments;

FIG. 14 is a cross-section of an adhesive layer formed on a
first metal layer, according to some embodiments;

FIG. 15 is across-section of a second metal layer formed on
an adhesive layer, according to some embodiments;

FIG. 16 is a cross-section of metal bonds, contacts and a
cured adhesive layer, according to some embodiments;

FIG. 17 is a cross-section of forming a patterned metal
layer, according to some embodiments;

FIG. 18 is a cross-section of an example solar cell fabri-
cated according to the disclosed techniques; and

FIG. 19 is a cross-section of still another example solar cell
fabricated according to the disclosed techniques.

DETAILED DESCRIPTION

The following detailed description is merely illustrative in
nature and is not intended to limit the embodiments of the
subject matter or the application and uses of such embodi-
ments. As used herein, the word “exemplary” means “serving
as an example, instance, or illustration.” Any implementation
described herein as exemplary is not necessarily to be con-
strued as preferred or advantageous over other implementa-
tions. Furthermore, there is no intention to be bound by any
expressed or implied theory presented in the preceding tech-
nical field, background, brief summary or the following
detailed description.

This specification includes references to “one embodi-
ment” or “an embodiment.” The appearances of the phrases
“in one embodiment” or “in an embodiment” do not neces-
sarily refer to the same embodiment. Particular features,
structures, or characteristics may be combined in any suitable
manner consistent with this disclosure.

Terminology. The following paragraphs provide defini-
tions and/or context for terms found in this disclosure (includ-
ing the appended claims):

“Comprising.” This term is open-ended. As used in the
appended claims, this term does not foreclose additional
structure or steps.

“Configured To.” Various units or components may be
described or claimed as “configured to” perform a task or
tasks. In such contexts, “configured to” is used to connote
structure by indicating that the units/components include
structure that performs those task or tasks during operation.
As such, the unit/component can be said to be configured to
perform the task even when the specified unit/component is
not currently operational (e.g., is not on/active). Reciting that
a unit/circuit/component is “configured to” perform one or
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more tasks is expressly intended not to invoke 35 U.S.C.
§112, sixth paragraph, for that unit/component.

“First,” “Second,” etc. As used herein, these terms are used
as labels for nouns that they precede, and do not imply any
type of ordering (e.g., spatial, temporal, logical, etc.). For
example, reference to a “first” solar cell does not necessarily
imply that this solar cell is the first solar cell in a sequence;
instead the term “first” is used to differentiate this solar cell
from another solar cell (e.g., a “second” solar cell).

“Coupled”—The following description refers to elements
ornodes or features being “coupled” together. As used herein,
unless expressly stated otherwise, “coupled” means that one
element/node/feature is directly or indirectly joined to (or
directly or indirectly communicates with) another element/
node/feature, and not necessarily mechanically.

In addition, certain terminology may also be used in the
following description for the purpose of reference only, and
thus are not intended to be limiting. For example, terms such
as “upper”, “lower”, “above”, and “below” refer to directions
in the drawings to which reference is made. Terms such as
“front”, “back”, “rear”, “side”, “outboard”, and “‘inboard”
describe the orientation and/or location of portions of the
component within a consistent but arbitrary frame of refer-
ence which is made clear by reference to the text and the
associated drawings describing the component under discus-
sion. Such terminology may include the words specifically
mentioned above, derivatives thereof, and words of similar
import.

Although much of the disclosure is described in terms of
solar cells for ease of understanding, the disclosed techniques
and structures apply equally to other semiconductor struc-
tures (e.g., silicon wafers generally).

The formation of metal regions, such as positive and nega-
tive busbars and contact fingers to doped regions on a solar
cell can be a challenging process. Techniques and structures
disclosed herein improve precision throughput and cost for
related fabrication processes.

In the present disclosure, numerous specific details are
provided, such as examples of structures and methods, to
provide a thorough understanding of embodiments. Persons
of ordinary skill in the art will recognize, however, that the
embodiments can be practiced without one or more of the
specific details. In other instances, well-known details are not
shown or described to avoid obscuring aspects of the embodi-
ments.

FIG. 1 illustrates a flow chart of an embodiment for an
example fabrication method for a solar cell. In various
embodiments, the method of FIG. 1 can include additional (or
fewer) blocks than illustrated. For example, in one embodi-
ment, partially removing the dielectric region on a particular
region, block 104, may not be performed. The method of FIG.
1 can also be performed on a solar cell structure with N-type
and P-type doped regions. Note that the method of FIG. 1 can
be performed at the cell level during fabrication of the solar
cell or at the module level when the solar cell is connected and
packaged with other solar cells.

As shown in 102, a dielectric region, which can also be
referred to as a dielectric layer, can be formed on a surface of
a solar cell structure. In an embodiment, the dielectric region
can be formed over an N-type doped region and a P-type
doped region of the solar cell structure. In one embodiment,
the dielectric region is a continuous and conformal layer that
is formed by blanket deposition. In an embodiment, the
dielectric region can be formed by screen printing, spin coat-
ing, or by deposition and patterning, for example, such that
the dielectric region is not continuous. In an embodiment, the
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dielectric region can include silicon nitride, silicon oxide,
silicon oxynitride, aluminum oxide, amorphous silicon or
polysilicon.

At 104, the dielectric region can be partially removed to
expose/form a contact region. In an embodiment, the contact
region can allow for the formation of a contact, such as an
ohmic contact. In an embodiment, the dielectric region is
partially removed on a particular region, where the particular
region is aligned over a N-type doped region or a P-type
doped region of the solar cell structure. As mentioned above,
note that in some embodiments, block 104 may not be per-
formed and, as a result, the dielectric region may not be
partially removed.

At 106, a first metal layer can be formed on the dielectric
region. In one embodiment, the first metal layer is a continu-
ous and conformal layer that is formed by blanket deposition.
In another embodiment, the first metal layer is non-continu-
ous (e.g., printed in a particular pattern or deposited and then
etched into the particular pattern). In an embodiment, form-
ing a metal layer can include performing a physical vapor
deposition, screen printing, sintering, plating, or laser transfer
process. In an embodiment, the first metal layer can also be
referred to as a seed metal layer. In an embodiment, forming
the first metal layer can include depositing a seed metal layer
on the dielectric region. In an embodiment, the first metal
layer can include a metal such as, but not limited to, copper,
tin, aluminum, silver, gold, chromium, iron, nickel, zinc,
ruthenium, palladium, or platinum and their alloys. In an
embodiment, the first metal layer can be a patterned metal
layer, such as a first patterned metal layer. In an embodiment,
the first patterned metal layer can be placed, deposited or
aligned on the dielectric region.

As shown in 108, a second metal layer can be formed on the
first metal layer. In one embodiment, the second metal layeris
a continuous and conformal layer that is formed by blanket
deposition. In an embodiment, the second metal layer can
include a metal foil. In an embodiment, the second metal layer
can include metal such as, but not limited to, copper, tin,
aluminum, silver, gold, chromium, iron, nickel, zinc, ruthe-
nium, palladium, or platinum and their alloys. In an embodi-
ment, the second metal layer can be a patterned metal layer,
such as a second patterned metal layer (e.g., a patterned metal
foil). In an embodiment, the second patterned metal layer can
be placed, deposited or aligned on the dielectric region.

At110, ametal bond and a contact can be formed in a single
process. In an embodiment, forming a metal bond and a
contact in a single process includes locally heating a particu-
lar region of the second metal layer. In an embodiment,
locally heating on a particular region of the second metal
layer allows for heat transfer from the second metal layer to a
particular region in-between the first and second metal layer
and subsequently, the heat further transfers through the first
metal layer to a particular region between the first metal layer
and the dielectric region forming a contact. In an embodi-
ment, the formed metal bond can electrically and mechani-
cally couple the second metal layer to the first metal layer. In
anembodiment, the contact can electrically and mechanically
couple the first metal layer to the solar cell structure.

In one embodiment, locally heating includes directing a
laser beam on the second metal layer. In an embodiment,
directing the laser beam on the second metal layer can weld
the second metal layer to the first metal layer. In an embodi-
ment, the laser beam can have a pulse duration in the range of
1 nanosecond to 10 milliseconds. In an embodiment, the laser
beam can be generated using a continuous wave (CW) laser or
a pulsed laser. In an embodiment, the laser beam has a wave-
length in the range of 100 nanometers-12 microns. In an
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embodiment, the laser beam can be directed on a metal foil, to
form a metal bond with a seed metal layer and further form an
ohmic contact between the seed metal layer and the solar cell
structure. In an embodiment, the metal bond and ohmic con-
tact are aligned with a particular region of the solar cell
structure. In an embodiment, the particular region of the solar
cell can be aligned to a P-type doped region or an N-type
doped region. In an embodiment, the second metal layer or
metal foil can be a patterned metal foil (e.g., in a finger
pattern, such as an interdigitated finger pattern). In an
embodiment, the patterned metal foil can be placed on the
seed metal layer. Note that, in some embodiments, non-laser
based welding techniques can be used to form the metal bond
and contact in a single process. In an embodiment, portions of
the first and second metal layer can be removed in an inter-
digitated pattern prior to locally heating.

The embodiments above can be performed for multiple
solar cells. For example, in one embodiment, a metal foil
(e.g., corresponding to and/or including contact fingers for
multiple cells) can be aligned and placed on a first solar cell
and a second solar cell. The metal foil can then be coupled to
both a first and second solar cell according to the method of
FIG. 1.

FIGS. 2-7 are cross-sectional views that schematically
illustrate a method of fabricating a solar cell in accordance
with an embodiment of the present disclosure.

With reference to FIG. 2, a solar cell during a fabrication
process is shown that includes a second metal layer 232
placed on a first metal layer 230, where the first metal layer
230 is placed on a solar cell structure 200. In an embodiment,
the first metal layer 230 can have a thickness in the range of
1-5 microns, for example the first metal layer 230 can be in the
range of approximately 1-2 microns. In an embodiment, the
second metal layer 232 can have a thickness in the range of
1-100 microns (e.g. a metal foil), for example the second
metal layer 232 can be approximately 50 microns. As shown,
the solar cell structure 200 can include a silicon substrate 208,
a first doped region 210 or a second doped region 212 and a
dielectric region 220. The solar cell of FIG. 2 can also include
a front side 204, configured to face the sun during normal
operation of the solar cell and a back side 202 opposite the
front side 204. As discussed above, the first metal layer or
second metal layer 230, 232 can include a metal such as, but
not limited to, copper, tin, aluminum, silver, gold, chromium,
iron, nickel, zinc, ruthenium, palladium, or platinum and their
alloys. In an embodiment, the dielectric region 220 can
include silicon nitride, silicon oxide, silicon oxynitride, alu-
minum oxide, amorphous silicon or polysilicon In an embodi-
ment, the first doped region 210 or the second doped region
212 can include a P-type doped region or an N-type doped
region of the silicon substrate 208.

FIG. 3 illustrates locally heating the second metal layer
232. In an embodiment, locally heating on a particular region
of the second metal layer 232 can be performed using a laser
beam 262 from a laser source 260. In an embodiment, locally
heating can be performed on a particular region of the second
metal layer 232 using an electron beam. Subsequently, heat
264 from the laser beam 262 is transferred to the second metal
layer 232. In an embodiment, the laser beam 262 can be
directed to the second metal layer 232 using a galvanometer,
scanning stage or using conventional optical interfacing and
control equipment, systems and processes.

With reference to FIG. 4, the formation of a metal bond 242
is shown. In an embodiment, heat 264 from the laser beam
262 is transterred through the second metal layer 232 to a
region between the first and second metal layer 230, 232
forming a metal bond 242, where the metal bond 242 allows

10

15

20

25

30

35

40

45

50

55

60

65

6

for an electrical connection between the first and second
metal layer 230, 232. In an embodiment, the second metal
layer can be partially removed or melted due to the heat 264
as shown in FIG. 4. In an embodiment, the metal bond 242 can
mechanically couple the second metal layer 232 to the first
metal layer 230.

FIG. 5 illustrates the formation of a contact 240. In an
embodiment, heat 264 from the laser beam 262 is further
transferred through the first metal layer 230 to a region
between the first metal layer 230 and the doped regions 210,
212, where the heat 264 forms a contact 240, allowing for an
electrical connection between the first metal layer 230 and the
doped regions 210, 212. As described above, the contact 240
can be an ohmic contact. In an embodiment, the dielectric
region 220 may not be dissociated during the above process,
allowing for an electrical connection between the first metal
layer 230 and the doped regions 210, 212 with the dielectric
region 220 between the first metal layer 230 and the doped
regions 210, 212 essentially intact (e.g. continuous). In an
embodiment, the contact 240 can mechanically couple the
first metal layer 230 to the solar cell structure 200.

In an embodiment, the steps shown in FIGS. 3, 4 and 5 can
all be performed in single process. In a single process can
include changing characteristics of the tool (e.g., laser) used
to perform the process. For example, the initial laser pulse can
be a higher power pulse to perform one of the bonds followed
by a change to a lower power pulse to form the other bond.
Laser characteristic/configuration changes other than power
can include pulse duration, shape of the pulse, wavelength,
etc. In performing the steps of FIGS. 3-5 in a single process,
multiple fabrication steps can be removed, i.e. to from a metal
bond and an ohmic contact separately, thereby improving
solar cell fabrication efficiency and reducing cost.

With reference to FIG. 6, a solar cell subsequent to the
single-step process performed in FIGS. 3-5 is shown. The
solar cell of FIG. 6 can include a front side 204, configured to
face the sun during normal operation of the solar cell and a
back side 202 opposite the front side. As shown, the solar cell
can include a solar cell structure 200. The solar cell 200
structure can include a silicon substrate 208, first and second
doped regions 210, 212 and a dielectric region 220. In an
embodiment, the dielectric regions 220 can be formed in-
between contacts 240. The solar cell structure 200 is coupled
to the first metal layer 230 by a contact 240, such as an ohmic
contact. In an embodiment, the contact 240 can mechanically
couple the first metal layer 230 to the solar cell structure 200.
The first metal layer 230 is coupled to the second metal layer
232 by a metal bond 242. In an embodiment, the metal bond
242 can mechanically couple the second metal layer 232 to
the first metal layer 230. Contact fingers, made up of the first
and second metal layers 230, 232 are separated at separation
234. It is to be noted that an electrical connection at the
separation 234 could allow for an electrical short and can be
detrimental to the performance of the solar cell. The gap or
separation 234 can be formed by a laser ablation process or an
etching process, removing excess metal from the first and
second metal layers 230, 232. In an embodiment, the first and
second doped regions can be P-type and N-type doped
regions, respectively. In an embodiment, the dielectric region
220 can be patterned such that some areas do not have dielec-
tric regions under the first metal layer 230. In an embodiment,
the first metal layer 230 can have a thickness in the range of
1-5 microns, for example the first metal layer 230 can be in the
range of approximately 1-2 microns. In an embodiment, the
second metal layer 232 can have a thickness in the range of
1-100 microns (e.g. a metal foil), for example the second
metal layer 232 can be approximately 50 microns.



US 9,171,989 B2

7

FIG. 7 illustrates example metal layers 250, 252. In an
embodiment, the metal layers 230, 232 (from FIGS. 2-6
above) can be formed in a metal strip 250 as shown. In an
embodiment, multiple metal strips 250 can be used to from an
interdigitated pattern. In an embodiment, the interdigitated
pattern can include positive contact fingers, negative contact
fingers, positive busbar and a negative busbar. In an embodi-
ment, the metal layers 230, 232 can be formed in round or
dotted pattern 252. There is no limitation to the patterns the
metal layers 230, 232 can form and FIG. 7 merely illustrates
some possible patterns which can be used. The front and back
side 204, 202 of the solar cell is shown for reference.

With reference to FIG. 8, a flow chart of an embodiment for
another example fabrication method for a solar cell is shown.
In various embodiments, the method of FIG. 8 can include
additional (or fewer) blocks than illustrated. The method of
FIG. 8 can also be performed on a solar cell structure with
N-type and P-type doped regions. Similar to the above, the
method of FIG. 8 can be performed at the cell level during
fabrication of the solar cell or at the module level when the
solar cell is connected and packaged with other solar cells.

As shown in 302, a dielectric region, which can also be
referred to as a dielectric layer, can be formed on a surface of
a solar cell structure. In an embodiment, the dielectric region
can be formed over an N-type doped region and a P-type
doped region of the solar cell structure. In one embodiment,
the dielectric region is a continuous and conformal layer that
is formed by blanket deposition. The dielectric region can be
formed by screen printing, spin coating, or by deposition and
patterning, for example, such that the dielectric region is not
continuous. In an embodiment, the dielectric region can
include silicon nitride, silicon oxide, silicon oxynitride, alu-
minum oxide, amorphous silicon or polysilicon. In an
embodiment, the dielectric region can be partially removed to
expose/form a contact region. In an embodiment, the contact
region can allow for the formation of a contact, such as an
ohmic contact. In an embodiment, the dielectric region is
partially removed on a particular region, where the particular
region is aligned over a N-type doped region or a P-type
doped region of the solar cell structure. As mentioned above,
note that in some embodiments, the dielectric region may not
be partially removed.

At 304, a first metal layer can be formed on the dielectric
region. In one embodiment, the first metal layer is a continu-
ous and conformal layer that is formed by blanket deposition.
In another embodiment, the first metal layer is non-continu-
ous (e.g., printed in a particular pattern or deposited and then
etched into the particular pattern). In an embodiment, form-
ing a metal layer can include performing a physical vapor
deposition, screen printing, sintering, plating, or laser transfer
process. In an embodiment, the first metal layer can also be
referred to as a seed metal layer. In an embodiment, the first
metal layer can include a metal foil. In an embodiment, form-
ing the first metal layer can include depositing a seed metal
layer on the dielectric region. In an embodiment, the first
metal layer can include a metal such as, but not limited to,
copper, tin, aluminum, silver, gold, chromium, iron, nickel,
zinc, ruthenium, palladium, or platinum and their alloys. In an
embodiment, the first metal layer can include a patterned
metal layer, such as a first patterned metal layer. In an embodi-
ment, the first patterned metal layer can be placed, deposited
or aligned on the dielectric region.

At 306, an adhesive layer can be formed on the first metal
layer, and in some embodiments, also on the dielectric region
(e.g., filling in gaps between a patterned first metal layer). In
an embodiment, the adhesive layer can be formed by screen
printing, ink-jet printing, spin coating, casting, lamination or
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by deposition and patterning, for example. In an embodiment,
the adhesive layer can be formed by a Chemical Vapor Depo-
sition (CVD) or a Physical Vapor Deposition (PVD) method.
In an embodiment, the adhesive layer can be an insulating
adhesive layer. In an embodiment, the adhesive layer canbe a
uniform low viscosity adhesive layer. In an embodiment, the
adhesive layer can be patterned, whether patterned as it is
formed, or formed and then patterned (e.g., etched). In an
embodiment, forming an adhesive layer can include forming
a conductive adhesive layer. In an embodiment, forming an
adhesive layer can include forming an anisotropically con-
ductive adhesive layer.

As shown in 308, a second metal layer can be formed on the
adhesive layer. In one embodiment, the second metal layer is
a continuous and conformal layer that is formed by blanket
deposition. In an embodiment, the adhesive layer can provide
structural support, mechanically coupling the second metal
layer to the first metal layer, and can also allow the second
metal layer to be in electrical connection with the first metal
layer. In an embodiment, the second metal layer can include
a metal foil. In an embodiment, the second metal layer can
include metal such as, but not limited to, copper, tin, alumi-
num, silver, gold, chromium, iron, nickel, zinc, ruthenium,
palladium, or platinum and their alloys. In an embodiment,
the second metal layer can include a patterned metal layer,
such as a second patterned metal layer (e.g., a patterned metal
foil). Note that in an embodiment, forming the first metal
layer can include any of the blocks described above. Using a
patterned adhesive layer can allow for the formation of the
second metal layer using a direct physical vapor deposition
(PVD) process. In an embodiment, the adhesive layer can be
cured subsequent to the formation of the second metal layer.
In an embodiment, forming the second metal layer can
include forming a metal foil on the adhesive layer. In an
embodiment, direct contact between the first and second
metal layers can be performed by applying pressure to the
second metal layer (e.g., by vacuum, a roller, a squeegee,
etc.).

Similar to the above, a metal bond and a contact can be
formed. In an embodiment, the metal bond and contact can be
formed separately or in a single-step process as discussed
above.

The embodiments above can be performed for multiple
solar cells. For example, in one embodiment, a metal foil
(e.g., including contact fingers for multiple cells) can be
aligned and placed on a first solar cell and a second solar cell.
The metal foil can then be coupled to both a first and second
solar cell. Also, the above can be performed to for various
types of solar cells, such as front contact and back contact
solar cells.

FIGS. 9-12 are cross-sectional views that schematically
illustrate a method of fabricating a solar cell in accordance
with an embodiment of the present disclosure. Unless other-
wise specified below, the numerical indicators used to refer to
components in FIGS. 9-12 are similar to those used to refer to
components or features in FIGS. 2-7 above, except that the
index has been incremented by 200.

FIG. 9 illustrates a solar cell during a fabrication process
mentioned above. The solar cell of FIG. 9 includes an adhe-
sive layer 470 formed on a first metal layer 430, where the first
metal layer 430 is placed on a solar cell structure 400. In an
embodiment, the adhesive layer 470 can be formed by screen
printing, ink-jet printing, spin coating, casting, lamination or
by deposition (CVD or PVD) and patterning. As shown, the
solar cell structure 400 can include a silicon substrate 408, a
first doped region 410 or a second doped region 412 and a
dielectric region 420. In an embodiment, the first metal layer
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430 can also be referred to as a seed metal layer. In an
embodiment, forming the first metal layer 430 can include
depositing a seed metal layer on the dielectric region 420. In
an embodiment, the first metal layer 430 can include a metal
such as, butnot limited to, copper, tin, aluminum, silver, gold,
chromium, iron, nickel, zinc, ruthenium, palladium, or plati-
num and their alloys. In an embodiment, the first metal layer
430 can include a patterned metal layer, such as a first pat-
terned metal layer (e.g., a patterned metal foil). In an embodi-
ment, forming the first metal layer 430 can include placing a
patterned metal layer on the dielectric region 420 separated
by a gap 474, where the gap 474 can separate positive and
negative contact fingers. In an embodiment, a laser ablation
process can be performed to form a patterned metal layer. In
an embodiment, the gap 474 can be formed through laser
ablation or etching. In an embodiment, the dielectric region
420 can include silicon nitride, silicon oxide, silicon oxyni-
tride, aluminum oxide, amorphous silicon or polysilicon. In
an embodiment, the first doped region 410 or the second
doped region 412 can include a P-type doped region or an
N-type doped region of the silicon substrate 408. As men-
tioned above, the adhesive layer 470 can be an insulating
adhesive layer. In an embodiment, the adhesive layer 470 can
be a uniform low viscosity adhesive layer. In an embodiment,
the adhesive layer 470 can be a patterned adhesive layer. In an
embodiment, forming an adhesive layer 470 can include
forming an anisotropically conductive adhesive layer.

FIG. 10 illustrates a second metal layer 432 placed on the
adhesive layer 470. In an embodiment, the adhesive layer 470
can provide structural support, mechanically coupling the
second metal layer 432 to the first metal layer 430. In an
embodiment, the second metal layer 432 can include a metal
foil. In an embodiment, the second metal layer 432 can
include metal such as, but not limited to, copper, tin, alumi-
num, silver, gold, chromium, iron, nickel, zinc, ruthenium,
palladium, or platinum and their alloys. In an embodiment,
the second metal layer 432 can include a patterned metal
layer, such as a second patterned metal layer. In an embodi-
ment, forming the second metal layer 432 can include placing
a patterned metal layer on the adhesive layer 470. In an
embodiment, the adhesive layer 470 can be cured subsequent
to the formation of the second metal layer 432. In an embodi-
ment, forming the second metal layer 432 can include form-
ing a metal foil on the adhesive layer 470. Provided with a
patterned adhesive layer, such as shown at 470 in FIG. 10, an
embodiment can include curing the patterned adhesive layer
prior to forming a second metal layer 432. In an embodiment,
forming a patterned adhesive layer can allow for the forma-
tion of the second metal layer 432 using a direct physical
vapor deposition (PVD) process. In an embodiment, a pat-
terned adhesive layer can be formed such that openings can be
allowed within the patterned adhesive layer for the second
metal layer 432 to contact the first metal layer 430, further
allowing embodiments, similar to the PVD process dis-
cussed, to form the second metal layer 432 on the first metal
layer 430. Also a patterned adhesive layer can allow for the
second metal layer 432 to be in electrical connection with the
first metal layer 430. In an embodiment, the adhesive layer
470 canbe cured to form a cured adhesive layer. In an embodi-
ment, forming the second metal layer 432 can include form-
ing a metal foil on the adhesive layer 470. In an embodiment,
direct contact between the first and second metal layers 430,
432 can be performed by applying pressure to the second
metal layer 432.

With reference to FIG. 11, a solar cell subsequent to the
process performed in FIGS. 9 and 10 is shown. The solar cell
of FIG. 11 can include a front side 404, configured to face the
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sun during normal operation of the solar cell and a back side
402 opposite the front side. As shown, the solar cell of FIG. 11
includes a solar cell structure 400. The solar cell 400 structure
can include a silicon substrate 408, first and second doped
regions 410, 412 and a dielectric region 420. The solar cell
structure 400 is coupled to the first metal layer 430 by a
contact 440, such as an ohmic contact. In an embodiment, the
contact 440 can mechanically couple the first metal layer 430
to the solar cell structure 400. The first metal layer 430 is
coupled to the second metal layer 432 by a metal bond 442. In
an embodiment, the metal bond 442 can mechanically couple
the second metal layer 432 to the first metal layer 430. Con-
tact fingers, made up of'the first and second metal layers 430,
432 are separated 474. Any electrical connection at the sepa-
ration 474 can allow for an electrical short and be detrimental
to the performance of the solar cell. The gap or separation 474
can be formed through an etching process or via a laser
ablation process where excess metal can be removed from the
first and second metal layers 430, 432. In an embodiment, the
first and second doped regions 410, 412 can be P-type and
N-type doped regions. The solar cell of FIG. 11 includes a
metal bond 442 and a contact 440. In an embodiment, the
metal bond 442 and the contact 440 can be formed using a
laser weld process, either separately or in a single-step pro-
cess as described above. In an embodiment, the contact 440
can be an ohmic contact. In an embodiment, the metal bond
442 and the contact 440 can be formed using any of the
methods described above. In an embodiment, the dielectric
region 420 can be patterned such that some areas do not have
dielectric regions under the first metal layer 430. In an
embodiment, the first metal layer 430 can have a thickness in
the range of 1-5 microns, for example the first metal layer 430
can be in the range of approximately 1-2 microns. In an
embodiment, the second metal layer 432 can have a thickness
in the range of 1-100 microns (e.g. a metal foil), for example
the second metal layer 432 can be approximately 50 microns.

FIG. 12 illustrates another solar cell subsequent to the
process performed in FIGS. 9 and 10. The solar cell of FIG. 12
can include a front side 404, configured to face the sun during
normal operation of the solar cell and a back side 402 opposite
the front side. As shown, the solar cell can include a solar cell
structure 400. The solar cell 400 structure can include a sili-
con substrate 408, first and second doped regions 410, 412
and a dielectric region 420. In one embodiment, the first metal
layer 431 is composed of a plurality of metal particles. In an
embodiment, the plurality of metal particles includes alumi-
num particles. In an embodiment, the solar cell structure 400
can be coupled to the first metal layer 431 by a contact 440,
such as an ohmic contact. In an embodiment, the contact 440
can mechanically couple the first metal layer 431 to the solar
cell structure 400. In one embodiment, the first metal layer
431 is in electrical connection with the second metal layer
432, where the adhesive layer, such as a cured adhesive layer
472, allows for the electrical connection without a metal bond
or weld. In an embodiment, the adhesive layer 472 can
mechanically couple the second metal layer 432 to the first
metal layer 430. Contact fingers, made up of the first and
second metal layers 430, 432 are separated 474. Any electri-
cal connection at the separation 474 can allow for an electrical
short and be detrimental to the performance of the solar cell.
The gap or separation 474 can be formed by a laser ablation
process or by etching, removing excess metal from the first
and second metal layers 430, 432. In an embodiment, the first
and second doped regions 410, 412 can be P-type and N-type
doped regions, respectively. In an embodiment, the dielectric
region 420 can be patterned such that some areas do not have
dielectric regions under the first metal layer 430. In an
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embodiment, the first metal layer 431 can have a thickness in
the range of 1-5 microns, for example the first metal layer 431
can be in the range of approximately 1-2 microns. In an
embodiment, the second metal layer 432 can have a thickness
in the range of 1-100 microns (e.g. a metal foil), for example
the second metal layer 432 can be approximately 50 microns.

Note that while the example of FIGS. 9-12 illustrate the
first metal layer being patterned before forming the second
metal layer on top of the adhesive layer and first metal layer,
in other embodiments, the second metal layer can be formed
on top of the adhesive layer and first metal layer. In various
embodiments, patterning can take place after forming the first
metal layer, after forming the first metal layer and adhesive
layer, after forming all three layers, or at multiple stages in the
process (e.g., after forming the first metal layer, and then also
after forming the adhesive and second metal layers).

With reference to FIG. 13, a flow chart of an embodiment
for still another example fabrication method for a solar cell is
shown. In various embodiments, the method of FIG. 13 can
include additional (or fewer) blocks than illustrated. For
example, in one embodiment, partially removing the dielec-
tric region, block 504, need not be performed. The method of
FIG. 13 can also be performed on a solar cell structure with
N-type and P-type doped regions. Similar to the above, the
method of FIG. 13 can be performed at the cell level during
fabrication of the solar cell or at the module level when the
solar cell is connected and packaged with other solar cells.

As shown in 502, a dielectric region, which can also be
referred to as a dielectric layer, can be formed on a surface of
a solar cell structure. In an embodiment, the dielectric region
can be formed over an N-type doped region and a P-type
doped region of the solar cell structure. In one embodiment,
the dielectric region is a continuous and conformal layer that
is formed by blanket deposition. The dielectric region can be
formed by any of the methods described above such as screen
printing, spin coating, or by deposition and patterning for
example, such that the dielectric region is not continuous. In
an embodiment, the dielectric region can include silicon
nitride, silicon oxide, silicon oxynitride, aluminum oxide,
amorphous silicon or polysilicon. In an embodiment, the
dielectric region can be partially removed from the dielectric
region forming a contact region. In an embodiment, the con-
tact region can allow for the formation of a contact, such as an
ohmic contact.

At 504, the dielectric region can be partially removed to
expose/from a contact region. In an embodiment, the contact
region can allow for the formation of a contact, such as an
ohmic contact. In an embodiment, the dielectric region is
partially removed on a particular region, where the particular
region is aligned over a N-type doped region or a P-type
doped region of the solar cell structure. As mentioned above,
note that in some embodiments, block 504 may not be per-
formed and, as a result, the dielectric region may not be
partially removed.

At 506, a first metal layer can be formed on the dielectric
region. In an embodiment, the first metal layer is a first pat-
terned metal layer, and the first patterned metal layer can be
placed on the dielectric region. Note that, in one embodiment,
the metal layer can be patterned after it is applied/formed
whereas in other embodiments, the metal layer can be applied
in a particular pattern. In one embodiment, the first metal
layer is a continuous and conformal layer that is formed by
blanket deposition. In an embodiment, forming a metal layer
can include performing a physical vapor deposition, screen
printing, sintering, plating, or laser transfer process. In an
embodiment, the first metal layer can also be referred to as a
seed metal layer. In an embodiment, forming the first metal
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layer can include depositing a seed metal layer on the dielec-
tric region. In an embodiment, the first metal layer can include
a metal such as, but not limited to, copper, tin, aluminum,
silver, gold, chromium, iron, nickel, zinc, ruthenium, palla-
dium, or platinum and their alloys. In an embodiment, a laser
ablation process or etching can be performed to form the first
patterned metal layer.

At 508, an adhesive layer can be formed on the first metal
layer and on the dielectric region. In an embodiment, the
adhesive layer can be an insulating adhesive layer. In an
embodiment, the adhesive layer can be formed by screen
printing, ink-jet printing, spin coating, casting, lamination or
by deposition and patterning, for example. In an embodiment,
the adhesive layer can be formed by a Chemical Vapor Depo-
sition (CVD) or a Physical Vapor Deposition (PVD) method.
In an embodiment, the adhesive layer can be a uniform low
viscosity adhesive layer. In an embodiment, the adhesive
layer can be a patterned adhesive layer. In an embodiment,
forming an adhesive layer can include forming a conductive
adhesive layer. In an embodiment, forming an adhesive layer
can include forming an anisotropically conductive adhesive
layer. In an embodiment, the adhesive layer can provide addi-
tional structural support, such as mechanically coupling the
second metal layer to the first metal layer.

As shown in 510, a second metal layer can be formed on the
adhesive layer. In an embodiment, the adhesive layer can
provide structural support, mechanically coupling the second
metal layer to the first metal layer. In one embodiment, the
second metal layer is a continuous and conformal layer that is
formed by blanket deposition. In an embodiment, the second
metal layer can include a metal foil. In an embodiment, the
second metal layer can include metal such as, but not limited
to, copper, tin, aluminum, silver, gold, chromium, iron,
nickel, zinc, ruthenium, palladium, or platinum and their
alloys. In an embodiment, the adhesive layer can be cured
subsequent to the formation of the second metal layer. In an
embodiment, forming the second metal layer can include
forming a metal foil on the adhesive layer.

At512, ametal bond and a contact can be formed by locally
heating a particular region on the second metal layer. In an
embodiment, locally heating a particular region of the second
metal layer allows for heat transfer from the second metal
layer to a particular region in-between the first and second
metal layer forming the metal bond. Subsequently, the heat
can further transfer through the first metal layer to a particular
region between the first metal layer and the dielectric region
forming a contact. In an embodiment, locally heating
includes directing a laser beam on the second metal layer. In
an embodiment, any of the methods described above can be
used to from the metal bond and contact, either separately or
in a single-step process. In an embodiment, the formed metal
bond can electrically and mechanically couple the second
metal layer to the first metal layer. In an embodiment, the
contact can electrically and mechanically couple the first
metal layer to the solar cell structure.

At 514, metal from the second metal layer can be partially
removed to form a second patterned metal layer. In an
embodiment, the adhesive layer, or insulating adhesive layer,
protects the solar cell structure from damage during the said
partially removing process. In an embodiment, a laser abla-
tion process can be used to remove excess metal from the
second metal layer. In an embodiment, the adhesive layer
absorbs excess laser radiation from the laser beam, protecting
the dielectric region and solar cell structure from damage. In
an embodiment, the adhesive layer can be a heat insulation
layer, from laser damage, and an electrical insulation layer,
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between the first and second metal layers. In an embodiment,
an etching process can be used to remove excess metal.

The embodiments above can be performed for multiple
solar cells. For example, in one embodiment, a metal foil
(e.g., including contact fingers for multiple cells) can be
aligned and placed on a first solar cell and a second solar cell.
The metal foil can then be coupled to both a first and second
solar cell. Also, the above can be performed to for various
types of solar cells, such as front contact and back contact
solar cells.

FIGS. 14-19 are cross-sectional views that schematically
illustrate a method of fabricating a solar cell in accordance
with an embodiment of the present disclosure. Unless other-
wise specified below, the numerical indicators used to refer to
components in FIGS. 14-19 are similar to those used to refer
to components or features in FIGS. 9-12 above, except that
the index has been incremented by 200.

FIG. 14 illustrates a solar cell during a fabrication process
mentioned above. The solar cell of FIG. 14 includes an adhe-
sive layer 670 formed on a first metal layer 630 and the
dielectric region 620, where the first metal layer 630 is placed
on a solar cell structure 600. In an embodiment, the adhesive
layer 670 can be formed by screen printing, ink jetprinting,
spin coating, casting, lamination or by deposition (CVD or
PVD) and patterning. As shown, the solar cell structure 600
can include a silicon substrate 608, a first doped region 610 or
a second doped region 612 and a dielectric region 620. In an
embodiment, the first metal layer 630 can also be referred to
as a seed metal layer. In an embodiment, forming the first
metal layer 630 can include depositing a seed metal layer on
the dielectric region 620. In an embodiment, the first metal
layer 630 can include a metal such as, but not limited to,
copper, tin, aluminum, silver, gold, chromium, iron, nickel,
zinc, ruthenium, palladium, or platinum and their alloys. In an
embodiment, the first metal layer 630 can include a patterned
metal layer, such as a first patterned metal layer. In an embodi-
ment, forming the first metal layer 630 can include placing a
patterned metal layer on the dielectric region 620. In an
embodiment, a laser ablation process can be performed to
form a patterned metal layer. In an embodiment, the dielectric
region 620 can include silicon nitride, silicon oxide, silicon
oxynitride, aluminum oxide, amorphous silicon or polysili-
con. In an embodiment, the first doped region 610 or the
second doped region 612 can include a P-type doped region or
an N-type doped region of the silicon substrate 608. As men-
tioned above, the adhesive layer 670 can be an insulating
adhesive layer. In an embodiment, the adhesive layer 670 can
be a uniform low viscosity adhesive layer. In an embodiment,
forming an adhesive layer 670 can include forming an aniso-
tropically conductive adhesive layer.

With reference to FIG. 15, a second metal layer 632 placed
on the adhesive layer 670 is shown. In an embodiment, the
adhesive layer 670 can provide structural support, mechani-
cally coupling the second metal layer 632 to the first metal
layer 630. In an embodiment, the second metal layer 632 can
include a metal foil. In an embodiment, the second metal layer
632 can include metal such as, but not limited to, copper, tin,
aluminum, silver, gold, chromium, iron, nickel, zinc, ruthe-
nium, palladium, or platinum and their alloys. In an embodi-
ment, the adhesive layer 670 can be cured 680 subsequent to
the formation of the second metal layer 632. In an embodi-
ment, curing can include heating the adhesive layer 670. In an
embodiment, the curing can form a cured adhesive layer 672
as shown in FIG. 16. In an embodiment, forming the second
metal layer 632 can include forming a metal foil on the
adhesive layer 670. In an embodiment, direct contact between
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the first and second metal layers 630, 632 can be performed by
applying pressure to the second metal layer 632.

FIG. 16 illustrates a cured adhesive layer 672, a metal bond
642 and a contact 640. In an embodiment, the metal bond 642
and a contact 640 can be formed separately or in a single-step
process as discussed above.

With reference to FIG. 17, metal from the second metal
layer 632 can be partially removed to form a second patterned
metal layer. In an embodiment, the adhesive layer, cured
adhesive layer 672, or insulating adhesive layer, protects the
solar cell structure 600 from damage during the said process
of partially removing the second metal layer 632. In an
embodiment, a laser ablation process can be used to remove
excess metal from the second metal layer 632. In an embodi-
ment, the adhesive layer or cured adhesive layer 672 absorbs
excess laser radiation from a laser beam 662 from a laser
source 660, protecting the dielectric region 620 and solar cell
structure 600 from damage. In an embodiment, the adhesive
layer can be a heat insulation layer, from i.e. laser damage as
shown, and an electrical insulation layer.

FIG. 18 illustrates a solar cell subsequent to the process
performed in FIGS. 14-17. The solar cell of FIG. 18 can
include a front side 604, configured to face the sun during
normal operation of the solar cell and a back side 602 opposite
the front side. As shown, the solar cell of FIG. 18 includes a
solar cell structure 600. The solar cell 600 structure can
include a silicon substrate 608, first and second doped regions
610, 612 and a dielectric region 620. The solar cell structure
600 is coupled to the first metal layer 630 by a contact 640,
such as an ohmic contact. In an embodiment, the contact 640
can mechanically couple the first metal layer 630 to the solar
cell structure 600. The first metal layer 630 is coupled to the
second metal layer 632 by a metal bond 642. In an embodi-
ment, the metal bond 642 can mechanically couple the second
metal layer 632 to the first metal layer 630. Contact fingers,
made up of the first and second metal layers 630, 632 are
separated. The adhesive layer, such as a cured adhesive layer
672, can be between contact fingers and electrically insulat-
ing contact fingers of opposite polarity. In an embodiment, the
first and second doped regions 610, 612 can be P-type and
N-type doped regions. The solar cell of FIG. 18 includes a
metal bond 642 and a contact 640. In an embodiment the
metal bond 642 and the contact 440 can be formed using a
laser weld process, either separately or in a single-step pro-
cess as described above. In an embodiment, the contact 640
can be an ohmic contact. In an embodiment, the dielectric
region 620 can be patterned such that some areas do not have
dielectric regions under the first metal layer 630. In an
embodiment, the first metal layer 630 can have a thickness in
the range of 1-5 microns, for example the first metal layer 630
can be in the range of approximately 1-2 microns. In an
embodiment, the second metal layer 632 can have a thickness
in the range of 1-100 microns (e.g. a metal foil), for example
the second metal layer 632 can be approximately 50 microns.

With reference to FIG. 19, another solar cell subsequent to
the process performed in FIGS. 14-17 is shown. The solar cell
of FIG. 19 can include a front side 604, configured to face the
sun during normal operation of the solar cell and a back side
602 opposite the front side. As shown, the solar cell can
include a solar cell structure 600. The solar cell 600 structure
can include a silicon substrate 608, first and second doped
regions 610, 612 and a dielectric region 620. In one embodi-
ment, the first metal layer 631 is composed of a plurality of
metal particles. In an embodiment, the plurality of metal
particles can include aluminum particles. In an embodiment,
the solar cell structure 600 can be coupled to the first metal
layer 631 by a contact 640, such as an ohmic contact. In an



US 9,171,989 B2

15

embodiment, the contact 640 can mechanically couple the
first metal layer 630 to the solar cell structure 600. In one
embodiment, the first metal layer 631 is in electrical connec-
tion with the second metal layer 632, where the adhesive
layer, such as a cured adhesive layer 672, allows for the
electrical connection without a metal bond or weld. In an
embodiment, the adhesive layer can mechanically couple the
second metal layer 632 to the first metal layer 630. Contact
fingers, made up of'the first and second metal layers 630, 632
are separated. The adhesive layer, such as a cured adhesive
layer 672, can be electrically insulate contact fingers of oppo-
site polarity. In an embodiment, the first and second doped
regions 610, 612 can be P-type and N-type doped regions. In
an embodiment, the dielectric region 620 can be patterned
such that some areas do not have dielectric regions under the
first metal layer 631. In an embodiment, the first metal layer
631 can have a thickness in the range of 1-5 microns, for
example the first metal layer 631 can be in the range of
approximately 1-2 microns. In an embodiment, the second
metal layer 632 can have a thickness in the range of 1-100
microns (e.g. a metal foil), for example the second metal layer
632 can be approximately 50 microns.

The embodiments above can be performed for multiple
solar cells (e.g., including contact fingers for multiple cells).
Also, the above can be performed to for various types of solar
cells, such as front contact and back contact solar cells.

While at least one exemplary embodiment has been pre-
sented in the foregoing detailed description, it should be
appreciated that a vast number of variations exist. It should
also be appreciated that the exemplary embodiment or
embodiments described herein are not intended to limit the
scope, applicability, or configuration of the claimed subject
matter in any way. Rather, the foregoing detailed description
will provide those skilled in the art with a convenient road
map for implementing the described embodiment or embodi-
ments. It should be understood that various changes can be
made in the function and arrangement of elements without
departing from the scope defined by the claims, which
includes known equivalents and foreseeable equivalents at
the time of filing this patent application.

What is claimed is:

1. A method of fabricating a solar cell, the method com-
prising: forming a dielectric region on a surface of a solar cell
structure; forming a first metal layer on the dielectric region;
forming an adhesive layer on the first metal layer; forming a
second metal layer on the adhesive layer; wherein the adhe-
sive layer mechanically couples the second metal layer to the
first metal layer and allows for an electrical connection
between the second metal layer to the first metal layer; and
partially removing metal from the second metal layer,
wherein the adhesive layer protects the solar cell structure
from damage during said partially removing.

2. The method of claim 1, wherein further comprising:
prior to forming a first metal layer, partially removing the
dielectric region to form a contact region.

3. The method of claim 1, wherein forming a first metal
layer comprises performing a method selected from the group
consisting of physical vapor deposition, screen printing, sin-
tering, plating and laser transfer.

4. The method of claim 1, wherein forming a first metal
layer comprises depositing a seed metal layer on the dielectric
region.

5. The method of claim 1, wherein forming an adhesive
layer comprises forming an insulating adhesive layer.

6. The method of claim 1, wherein forming an adhesive
layer comprises forming a low viscosity adhesive layer.
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7. The method of claim 1, wherein forming an adhesive
layer comprises forming a patterned adhesive layer.

8. The method of claim 7, wherein forming a patterned
adhesive layer comprises curing the patterned adhesive layer.

9. The method of claim 8, wherein forming the second
metal layer includes using a direct physical vapor deposition
(PVD) process to form the second metal layer on the first
metal layer.

10. The method of claim 1, wherein forming an adhesive
layer comprises forming a conductive adhesive layer.

11. The method of claim 1, wherein forming an adhesive
layer comprises curing the adhesive layer.

12. The method of claim 1, wherein forming a second metal
layer comprises placing a metal foil on the adhesive layer.

13. The method of claim 1 further comprising applying
pressure on the second metal layer, wherein the applied pres-
sure allows for direct contact between the first and second
metal layer.

14. The method of claim 1 further comprising locally heat-
ing a particular region of the second metal layer, wherein
heating includes forming a metal bond between the second
metal layer and the first metal layer.

15. The method of claim 14, wherein locally heating com-
prises performing a laser weld process.

16. The method of claim 1 wherein forming a first metal
layer on the dielectric region comprises forming a first pat-
terned metal layer.

17. The method of claim 1, wherein partially removing
metal from the second metal layer comprises performing a
laser ablation.

18. A method of fabricating a solar cell, the method com-
prising: forming a dielectric region on a surface of a solar cell
structure; forming a first patterned metal layer on the dielec-
tric region; forming an insulating adhesive layer on the first
patterned metal layer; forming a second patterned metal layer
on the insulating adhesive layer; wherein the insulating adhe-
sive layer mechanically couples the second patterned metal
layer to the first patterned metal layer; locally heating a par-
ticular region of the second patterned metal layer, wherein
heating includes forming a metal bond between the second
patterned metal layer and the first patterned metal layer; and
partially removing metal from the second metal layer,
wherein the adhesive layer protects the solar cell structure
from damage during said partially removing.

19. A method of fabricating a solar cell, the method com-
prising:

forming a dielectric region on a surface of a solar cell

structure;

partially removing the dielectric region to form a contact

region;

forming a first patterned metal layer on the dielectric

region;

forming an insulating adhesive layer on the first patterned

metal layer and the dielectric region;

forming a second metal layer on the insulating adhesive

layer; wherein the insulating adhesive layer mechani-
cally couples the second metal layer to the first patterned
metal layer;

locally heating a particular region of the second metal

layer, wherein heating includes forming a metal bond
between the second metal layer and the first patterned
metal layer and forming an ohmic contact within the
contact region between the first metal layer and the solar
cell structure; and

partially removing metal from the second metal layer,

wherein removing metal forms a second patterned metal
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layer and the insulating adhesive layer protects the solar
cell structure from damage during said partially remov-
ing.
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